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Abst ract .

During the mid 1980's the U S Arny established the Corps Battle
Simulation (CBS) as a standard tool for training commanders and thelr
staffs. The ChS’'s architecture is typical of constructive training
built during that era. 31 primarily models big}) intensity conflict in
traditional theatres of operation. The technologies used in its
construction reflect the wars then considered likely, the limited
capability ol uniprocessor computers, and third-ge neration distributed
sof twar ¢ envi 1 onme nt s

Nevertheless, the Army needs training tools that support ererging
nmissions such as lLow Intensity Conflict, multi-factional scenarios,
Opcrations Other Than War, and joint and combined training.

This pa per wil 1 describe the technigues usced to transform the Corps
Battle Sirmulation. 1o meet the needs of the late 1990'sthe | algc-scale
force-on-force modeling paradigms wll be replaced with representations
more appropr i ate to the emerging world envirvornment . The primry
technology used to acconplish this transformation is called "Resolution
Detail ing™ whe redn new, nore detailed and flexible functionality is
sclectively inserted wit hout di st urbing the overal )l wor kings of the
systoem., Resolution Detailing permits the: Army Lo specify focused areas
for upgrade withoul perturbing overall systemn operation.

1.0 Introduction

The Corps Battle Simulation is used by the U, S Armyand other

or g anizati ons Lo support the training of cormmanders and their staffs.
While primarily oriented toward corps and division-level Lraining
the CRS is also used for multi-corps exercises. During command post
exercises, the training audience (commanders and their staffs) works
from tactical operations centers (often tents or trucks) executing thel
planni ng and deci sion pr ocess . Orders arc sent Lo subordinate
headguar ters for performance. In a CBS-supported exercise, the
subordinat e headguarters include a computer work station suite

which permits entry of the orders into the CBS system. The CBS

simul at i onmodelacl s onthe o1 dersandscendsresules hack t o the

wor K stations (several hundred work Stat jons may beusedinan
exercise) . The results are then relayed back to the commanders and
staffs using standard military procedures. At no time does the
training audience sec the! CBS computer s . A group of military experts
provide the planning, decisions, and orders for the encmy o1
opposing force. This provides a reali st iccombal experiencef ort he
training audicnce.

The Jet Propulsion laboratory delivered the original version of the CBS
(then called the Joint Exercise Support Systen) to U. §. Readiness
Command in 1987. Since that time the laboratory delivered several
significantly enhanced relecases. In 1989 the U, §. Army assumcd
sponsorship and the system assumed its current name. Version 1.5,
discussced in this paper, will be delivered in the spring of 1994,




2.0 System Overvicw
2.1 Infrastructure

From a technical perspective, the Corps Battle Simuwlation is a systeom
of commercial of{~the-shelf computer hardware and custon

conput er software [Mertens 93], The software may be subdivided

into the game and its supporting functions. The support includes the
usey interface, local and wide-area networking, pre and post-
processing, and interruption recovery tools. These supporting functions
require over a dozen individual computer programs and 308,000

lines of source computer instructions, mostly written in the C
programming language. The remainder of this paper, however, will
focus on the CBS gamec: the simulation model of the real-world
battlefield.,

2.2 The Simulation’ s Model or Game

The game is the model or representation of the real world of the
battileficld. This includes the sinulated environment (terrain and
weather), troops, combat and combal support systenms, and low- level
tactics and doclrine. The model was originally inherited from the
Joint Theatre level Simulation. At that time the model

consisted of 60,000 lines of SIMSCRIPT 11.5 sourcoe code. 1t was
designed to model high-intensity conflict using aggregate-level force-
on-force techniques. This mecans that the simulated entitics are units
(companiecs, bhattalions, ctc.) rather than individval weapons
platforms. Combal. is modceled mathematically using lanchester-typeo
cquations [Taylor 81]. These equations can be considered differential
cquations that determine attrition rates in combat. While
lanchoester~-type equations arce widely used in conbat modeling they

arce also subject to a varicty of problens.

In a training system a particularly vexing problem is the difficulty in
relating combat outcomes to combat situations. The training auvdicnce,
guitce reasonably, wants Lo know why one unit won and another lost in a
given engagement. When the result has been adjudicated by a complex
equation non- mathematicians often cannot understand the reasoning.
What is worse, even among those comfortable with higher mathematics the
validity of lanchester-type eqguations as an accurate representation of
combat jis a matter of continual debate. lanchoester combat has been
comparced to "two grinding wheels working against each other until onc
is worn down to nothing." 1t cannot easily represent the large number
of factors that influence combal outcomes.

In an ¢ffort Lo overcome some of the deficiencies of lanchester
theory the Jet Propulsion laboratory extended the CBS combat model
with a yule-based system. The basic combat model’s algorithm is
written in traditional procedural computer code. The extension uses a
rulce-based or expert systeom built with the 0PS-5 programming
Janguage. This system is called Combat Outcomcs Based on Rules for
Attrition (COBRA) [JPL ©1]. 1t dis a separate computer program which
interaclts, in real time, with thoe main model. COBRA consists of a

sct of rules and an inference engine which determines which are
applicable to a given situation.

When a combatl engagement. takes place the game sends facts about

the battle Lo the COBRA module., The COBRA inferencoe engine applics

rules Lo the facts of the situation and returns nodifying factors to the
lLanchester attrition algorithm. The COBRA rules arce developed by a
committee of operations research analysts, computer scientists, and
velteran combat-arms of ficers. The total rule bhase includes 209 rules.

An ¢xample of a simple rule is:

* 17 the terrain is water-based agriculture and the temperature is
greater than -5 degrees Celsius the environment favors infantry over



armoy .,

Fach time CORRA analyzes a battle the rules appliced are recorded.
Exercise directors can review this record if guestions arisce on the
outcome of simulated battles. Most users find the rule trace nuch

wore understandable Lhan traditional attrition algorithms. Military
experts report that the results are rcalistic [Krueger 92]. After COBRA
was fully inplemented we found that it facilitated functional
exlensions to the model. This will be explored in Scection 4.0 below.

3.0 Evolution of the Simulation

buring the yecars since the original delivery the CBS game grew {rom
60,000 lines of source code to 390,000 and from 453 subroutines to
3,100, This growth is primarily due to two factors. The first is the
addition of numerous functional enhancements, i.e., extending the
model Lo reprosent additional facetls of the battlefieldd. The scecond is
the user’s desire for increasing detail or resolution on battlefield
facels already modeled. A general bias exists that more detailed
models are more realistic. If the model is propoerly constructed this is
probably true. Nevertheless, adding detail and new functionality can
pose significant challenges for both modelers and software engincers.
A1l changes involve cost, technical risk, potential difficulty for
uscers, and potential negative impacts on systom performance.

The size of the CRS game software imposcs a considerable burden on
change, The structure of the SIMSCRIPT 11.5 Jlanguage dictales that
most. of the data is globhal. In other words any part of the game
software can potentially affect any other part. A large potential for
unintended side effects exists with any change. The software

engincer thus tries to minimize any potential breakage. Additionally,
new functionality gencrally means new code and new data to be
processoed. This means an additional burden on the computer. bBvery
software change increcases the likelihood that the machine will be
unabhle to kecp up with the real time pace of the exercise.

The user nust also be considered in any changes. The CBS has been

in wide use in the Army for several ycars., A large installed basec of
users oxists in the U. §., Furope, and Asia. Therefore we attenmpt to
minimize any obvious effects of changes. Finally, all changes cost
noney and generally the bigger the change the more ezxpensive. For
all of these reasons we attempt Lo implement the minimal change
necessary 1o mect the Army’s training objective. To accomplish this
we apply a set of techniques we call Resolution bDetailing. Through
Resolution Detailing we extract maxinum training value from the
mode) while minimizing the costs and risks described above.

4.0 Resolution Detail ing Psychological Operations

For CRS version 1 .5 we are directed to add a Psychologd cal Opcrations
(PSYOP) functionaliiy. Previously there was no PSYOP model in the
game. The challenge was Lo insert a capability that would 1) suppo t
the training obljectives of teaching commanders and their staffs to
c¢ffectively use PSYOPs and 2) not perturb the oxisting functionali vy
in the game. Through consultation with military experts it was
dotermined that leaflets and loudspeakers were the primary
psychological weapons to be modeled. This discussion will be linited
to leaflets for the sake of brevity.

Onc approach would have been Lo creatce a noew ontity or type, such as a
"leaflel bundle, "™ within the game. This, however, would have required
code Lo specify how the numerous entities in the game could affect the
lcaflets and how the leaflets would affect thoem.,  Instead we took two
existing types: artillery ammnition and air-to- surface dumb bonbs and




created new instances of these types. large blocks of logic that deal
with these types were reused with minimal modification. Data tables
describing the weapons sct the probabilities of kill or damage to zero,
New logic was required Lo specify how this new, non- Jethal weapon
influcnced the battlefield.

The exercise di rector can sel each unit’ s susceptibility to
psychological operations Lo HIGH, 1.OW, or NONE. When asuff i cient
quantity of leaflet runitions land within a specified range of a unit
W-] ose suscept ibi 1l ity is HIGH or 1.OW, the COBRA module is notified
that the unit is suffering the effects of rSYor. The C OBRA rules then
modi f y theunit’s moralewhichintur nmodi fies its ef fect i venessin
conbat operations . The effects of the psychological warfare on the
unit di sappcear after a given Lime.

5.0 Conclusion

As onc of the Army’s major training tools, CBS must change and

adapt. to the Army’s new and continuing roles and missions. At the

samc time, large software systemns exhibit a significant inertia to the
those who wish to modify them. Such systems arc difficult to modify
because any change may have surprising and unpredictable side

ceffects. The technigues of Resolution Detailing permit such
modification while minimizing the possibility of unwanted effects.
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